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@ A self-recuperative burner 10 in which the incoming 
combustion air is preheated by heat exchange with products 
of combustion in a cross-flow ceramic plate heat exchange 
unit 18 which is mounted as an integral part of the burner 1 0 in 
refractory material structure whidT forms the combustion 
zone as well as carrying a fuel feed lance 39 leading to the 
combustion zone, the refractory material structure also form- 
ing an air supply passage 36 connecting the air passages of 
the heat exchange unit 18 to the combustion zone and a 
combustion products exhaust flow passage 33 leading from 
the furnace imerior to the exhaust passages of the heat 
exchange unit 18. The combustion air is conveyed past the 
exhaust flow twice in the heat excMnge unit 18. 
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" Self Rectrperative Burners " 



This invention relates to self -recuperative 
burners, that Is to say to burners which include an 
Integral heat exchange section In'udilch combustion air 
is preheated by heat exchange with hot combustion prod- 
ucts ^Ailch are exhausted througlh the burner. 
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The design of self -recuperative burners is . 
discussed in a paper presented* to the 35th Autumn * 
Research Meeting of The Institution of Gas Engineers in 
November 1969 W W.P. Harrison, B. Oeppen aod S. 
Sourbutts, and published as iSas Coxmbll Research Commu- 
nication GC 164 »^The Design of . Self -Recuperative Bur- 
ner". This paper states that selfT3:*ec\q)erative burners 
had, in recent years prior to 1969j been successfxilly 
applied to many industrial processes ab an alternative 
to the usual methods of preheating combustion air which 
were either by means of a regenerative system or by 
using a heat exchanger which was external, to the fur- 
nace • Regenerative systems tend to be. large and the 
air preheats may" vary continuously* There are several 
disadvantages of external rectrperators or . heat exchan- 
gers* Combustion products may have to be ducted to the 
recuperator from the furnace with resulting heat loss. 
Hot-air ducts and manifolds are necessary;, and any bur- 
ner adjustments are made on. the hot side of the recupe- 
rator* There are pressure losses to be. overcome in the 
ducts to and from the heat exchanger. .The pap con- 
tinues to describe a typical self-reciqierative burner 
in which the combustion air supply passage and the 
e^dxaust passage are concentric amixiiar passages formed 
around ttie fuel passage by an assembly of coaxial tubes. 
This arrangement locates the hottest part of the recup- 
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erator or heat exchanger within or adjacent to the ftir- 
nace wall. It is stated that there Is a fuel saving^ to 
be made by iislng self -recuperative burners at high tenn- 
peratures and with this in mind a self -recuperative 
burner fitted with ceramic air tubes was tested. The 
paper also describes tests made on various different 
constructions of self-recuperative burner in search of 
the optimum burner design but the various changes were 
to the length and/or diameter of the tubes, no change 
being made to the basic form of annular combustion pro- 
ducts exhaust passage which shares a common wall with 
an axially extending combustion air tube. 

British Patent Specifications Nos. 944372; 
1140449; 1314025 and 1332125, French Specification No. 
2378236 and U.S. Specifications Nos. 3163202; 3420614 
and 3468516 show other forms of self -recuperative bur- 
ners and they all comprise an annular combustion prod- 
ucts exhaust passage through the burner \Aiich shares a 
common wall with an axially extending combustion air 
tube which extends to a location adjacent the burner 
head such that the hottest part of the integral heat 
exchange section of the burner is at or adjacent to the 
furnace wall. Although in several of these burner des- 
igns the combustion products exhaust passage is formed 
in refractory material structure (see British Patent 
Specification No. 944372 for example), the tubes that 
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coav y combustion air to the combustion, zon are metal 
tubes in each*case. 

The metal tubes of conventiozial self -recuper- 
ative burners which form the common vail between the 
combustion air supply passage and the annular e3chaust 
passage throu^ which the hot gaseous products of com- 
bustion are conveyed away from the furnace enclostare 
are liable to corrode to such an extent that the useful 
life of such a self -recuperative burner has been too 
short for such binmers to be an economically viable 
proposition for certain applications such as for heat- 
ing furnaces in -sftiich glass is produced. The use of 
tubes of a refractory material instead of these metal 
tubes t which has been proposed, has not lead to burners 
that have proved satisfactory for such applications 
because it has not been possibae to provide such tubes 
v*Lich are stmicturally sound and allow taie desired heat 
transfer from the combustion products to the incoming 

combustion air. 

To overcome this problem in carrying out this 
invention I have departed from the standard practice of 
arranging for the combiastion air supply passage to be 
formed as an axially-extending tube ndiich shares a com- 
mon heat exchange wall with an anniilar e^diaust passage, 
that common wall extending to a location adjacent the 
fatrner head, and I have evolved a new and unconventional 
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arrangement of self-r cxiperative burner in w hi ch the 
incoming combustion air is preheated by heat exchange 
with products of combustion in a cross-flow ceramic 
plate laminate heat exchange unit ^tdiich is mounted as 
an integi^al part of the burner in refractory material - 
structure of the bxxmer at a location spaced from the 
end portion of the burner that is inserted in the fur- 
nace wall, the exhaust products being conveyed to ttie 
respective passage system of the heat exchange unit 
throxzgh a non-annular exhaust passage formed in the 
refractory material structure of the burner and the 
preheated combustion air being led from the respective 
passage system of the heat exchange unit to the combus- 
tion zone of the burner by another passage formed in 
the refractory material structure of the burner* 

According to this invention there is provided 
a self -recuperative burner comprising a reflractory mat- 
erial structure comprising one end portion a remai- 
ning porjkiony said one end portion being adapted to be 
fitted into an aperture in a wall of an enclosvire so 
that the remaining portion projects outwards from that 
enclosure, there being a combustion zone, a combustion 
air supply passage, ah outlet port and an exhaust pas- 
sage formed in the refractory material structure, the 
combustion air supply passage leading to said zone, the 
outlet port which is formed in said one end portion, 
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placing the combustion zone in cananunication with the 
interior of the enclosure \Aiereby hot gases produced "by 
the combustion of air and fuel fed to said zone are 
directed into the enclosure through said outlet port 
and the Mdiaust passage being for conveying aWay from 
the interior of the enclosure products of combustion of 
fuel and air fed to said zone; fuel supply means \diich 
extend through said structure to said zone and are 
adapted to si:5>ply fuel to said zone; and means hereby 
incoming combustion air fed to said zone is preheated 
heat exchange wiiai products of combustion flowing 
through said eadiaust passage; wherein said eadaaust pas- 
sage is non-annular throughout and said means whereby 
products of combustion conveyed through it are brought 
into heat exchange with incoming combustion air to pre- 
heat the latter comprise a heat exchange unit mounted 
in said remaining refractory material structure portion 
as an integral part of "taie burner at a location spaced 
from said end portion, the heat exchange unit compris- 
ing a structural unit of refractory material conqprising 
a laminate of plates of refractory material and means 
forming passages which extend through the unit from end 
to end between juxtaposed plates of the unit, the pas- 
sages formed between alternate ones of the pairs of 
;juxtaposed plates extending in one direction and coll- 
ectively comprising one passage system which communic- 
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ates with said combustion air supply passage and th 
remaining passages extending transverse to said one ^ 
direction and collectively comprising another juxta- 
posed passage system vhlch communicates with said 
exhaust passage. 

Such a structural heat exchange unit can he 
arranged so that the walls that separate the j^ixtaposed 
passage system through the tmit are thinner than the 
wall formed by a tube of refractory material iidilch 
forms part of a heat exchange xxnlt which Is of a con- 
centric tubular construction. Also the overall heat 
exchange area can be larger. 

I have found that, by appropriate selection 
of the dimensions of the structural unity especially 
the length and cross-section of the passages through It 
with the consequential Influence upon the pressure drop 
across -the unit, as well as the thickness of the mate- 
rial, an effective amount of preheating of air fed to 
the combustion zone by heat exchange with the hot prod- 
ucts of combustion conveyed throxigh the unit can be 
obtained. 

Preferably the unit Is provided with communi- 
cating means hereby a first group of the passages of a 
first of said Juxtaposed passage systems are placed at 
their downstream ends In communication with a second 
group of the passages of said first juxtaposed passage 



0040526 



8 - . 

system at their adjacent ends mihlch are. thus their 
upstream ends whereby the fluid stream that is conveyed 
through said first jvixtaposed passage system passes and 
re-passes the JEluid stream that is conveyed througji the 
second of the two juxtaposed passage systems. There 
may be further communicating means whereby the down- 
stream ends of the second group of passages . are placed 
in communication with a iMrd or more groups of the 
passages of said first juxtaposed passage system so 
that the flxiid stream coirveyed -Oirough. the first juxta- 
posed passage system passes the dCluid stream conveyed 
through the second juxtaposed passage system at least 
three times wi-ttiin the unit. Preferably said first 
juxtaposed passage system is said one jtixtaposed pass- 
age system and the cross-sectional area of each of its 
passages may be approximately h a lf the cross-sectional 
area of eacii of the passages of said other juxtaposed 
passage system. The or each comrauxiicating means may 
coinprise a recessed plate fitted at ttie- respective end 
of the xanit, the respective groi;q?s of passages being 
placed in communication via a respective recess in the 
plate. Pref earably. the first group of passages of said 
one 3xixtaposed passage system pass the passages of said 
other jiDctaposed passage system doVnastream in the con- 
text of the direction of flow of the combustion prod- 
ucts conveyed iiirough said second Juactaposed passage 
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system^ of lixe location at which the second groxfl? of 
passages pass -said other ^VDctaposed passage system and 
in the same context, vdiere there are three or more 
groiips of passages in said one ;)i2xtaposed pisissage sys- 
tem, the second group is dovmstream of the third groxip 
and so on, the last groxip being the most upstream so 
that the coolest incoming air is brought into heat 
exchange with the coolest flow of combustion products 
and the hottest incoming air is brou^t into heat 
exchange witii the hottest flow of combustion products. 

The structural unit may be mounted removably 
within the c€Lsing so that it can be removed and repla- 
ced by another structural unit. The means for mounting 
the \mit in the casing, which is preferably a metal 
clad refractoiy material casing, may include resilient 
means whereby differential thermal expansion can occtir. 
Desirably sealing means are provided between the struc- 
tural unit ftp ^ the remainder of the burner whereby an 
effective flxiid tight seal is provided to seal agaijoist 
leakage into out of the esdiaust passage at the^ int- 
erfaces between the tmit and the remainder of the bur- 
ner. 

Conveniently the passages of the other ;juxta- 
posed passage system extend rqpwards from the exhaust 
passage formed in the remaining refractory material 
structure portion. The heat exchange unit may be one 
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of a stack of similar heat excdmnge units mounted ne 
on top of the .other, means being provided for placing 
their upwardly extending passages in communication and 
means heing provided for placing the downstream ends of 
the passages of said one juxtaposed passage system of 
the \ipper unit in communication with the upstream eiads. 
of the corresponding passages of the unit on which that 
upper unit is stacked. 

Three forms of self -recuperative burner in 
which this invention is embodied will be described now 
with reference to the accompanying drawings, of T«diich:- 

Pigure 1 is a sectioned diagram illustrating 
installation of one form of burner in a furnace wall; 

Figure 2 is an eaqploded isometric view of the 
heat exchanger unit incorporated in the burner shown in 
Figure 1; 

Figure 3 is a longitudinal section of one 
practical form of burner in which this invention is 
embodied, the section being on the line III-III in Fig- 
ure 4; 

Figure 4 is a cross-section of the burner 
shown in Figure 3 on the line IV-IV in Figure 3; 
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Figure 5 is a sectioned plan on the line V-V 
In Figure 3; . » 

Figure 6 is a side elevation of anotiier prac- 
tical form of burner in ^diich this invention is embod- 
ied; 

Figure 7 is an end elevation of the burner 
showx in Figure 6; 

Figure 8 is a sectioned plan on the line VIII 
-VIII in Figure 6; 

Figure 9 is a fragmentary section on the line 
IX-IX in Figure 6; and. 

Figure 10 is a section on the line X-X In 

Figure 9. 

Figure 1 shows a burner 10 which coisprlses a 
hollow casing 11. One end portion of -the casing 11 is 
fitted at one end Into an aperture 12 in a vertical 
wall 13 of a furnace so Ihat the remaining portion of 
the caslz^ 11 projects outwards from the furnace. The 
casing 11 comprises a double walled skin and internal 
barriers. The inner wall of the skin and the internal 
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barriers eire a refractory material structure and the 
outer vail of the skin is a metal cladding. Hie furix- 
ace is a walled enclosure which is formed, of "bricks 14 
of a refractory material. Two ports 15 and 16 by which 
the interior of -the casing and "Hie interior of the ftir- 
ziace communicate with one another » are foxmed one above 
the ottxer in the end of the casing 11 that is fitted 
into ttie aperture 12. 

A hole 17 is formed in the top of the casing 
11 at a location whicdi is spaced from the wall ^3• A 
heat exchange unit 18, ndiich is formed of refractory 
material, is mounted within the casirig 11 with its top 
located in the hole 17« The moxmting arx*angement for 
the heat exchange unit 18 conveniently includes resil- 
ient means, such as springs, nAiich allow for relative 
thennal expansion of the casing 11 and the unit 18. 
The heat exchange unit 18 can be removed from the cas- 
ing 11 by being lifted through the hole 1? and hence 
can be replaced by a sixtdlar unit 18 if necessary. 

The detailed construction of a preferred form 
of heat exchanger for use as the unit 18 will be des- 
cribed now with reference to Figure 2 ndiich illustrates 
a simple version of that form of heat exchanger. 

The heat exchanger compi*ises an apertured 
block 19, which is formed as a laminate of plates of 
reflectory material, and a cap 21. The plates that 
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make up the block 19 comprise an end plate . 22, \iaiich is 
a plain plate » and a number (say four, as shovn in Fig- 
ure 2) of grooved plates 23-26. Each grooved pXate 23- 
26 has a plane surface on one side and a number of par- 
allel grooves fonned in its other side, the grooves 
extending from edge to edge. The plates 23-26 are arr- 
anged in -Qxe laminate so that the grooved face of each 
plate 23-26 abuts the plane face of the juxtaposed 
plate 22-26. Also the grooves in each juxtaposed pair 
of the grooved plates 23-26 are mutually perpendicular. 
Hence the block 19 has two rows of vertical throxigh 
passages and two rows of horizontal through passages 
formed in it, the two rows of vertical through passages 
being separated by one of the rows of horizontal 
through passages which in turn is separated from the 
other row of horizonteO. throtigh passages by one of the 
rows of vertical throxigh passages. 

The cap 21 is fitted on the top of the block 
19* It has recesses formed in its lower surface « there 
being one such recess for each row of vertical through 
passages. Hence two such recesses 27 and 28 are shown 
in Figure 2. Each recess 27 1 28 communicates with the 
passages of the respective row of vertical through pas- 
sages so that the groups of passages of the respective 
row between the centre and one of the apertured side 
faces of the block 19 is placed in communication with 
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the remaining vertical passages of that row. 

Ilhe>heat exchange unit 18 Is orientated * 
within the casing 11 . such that iaie two ^ertured side 
faces of the block 17 are the side faces that are res- 
pectively nearest to and ftarthest from the port 15- 
The side face of the hlock 17 that is furthest from the 
port 15 abuts -ttie end of the casing 11 and the horizon- 
tal -airotigh passages ccmmninlcate -with an e^iaust port 
29 vdiich is formed in the casing 11 and which is con- 
nected to an exhaust flue 31 . . 

A horizontal, barrier 32 ^tehds £ram ±he bot- 
tom of the heat exchange unit . 18 to the caislng portion 
that separates the ports 15 and 16. The barrier 32 
separates the portion 33 of the interior of the casing 
11 above it from the remainder of the Interior of... the 
casing 11. A veirtical. barrier 3^ below the centre of 
•the unit 18 extends across the. full width of the inte- 
rior of the casing 11 and separates an air inlet cham- 
ber 35 tram another chamber 36 Tiftdch is formed by that 
part of the interior of laie casing 11 that esctends 
below the horizontal barrier 32 and below the half of 
the unit 18 that is adjacent .the horizontal barrier 32. 
The air inlet chamber 35 is in comniuni?ft*i<» iit±1±. the 
lower ends of said group of passages of each row of 
V rtical through passages ^fliilst.the lower ento of .iaae 
remaining vertiqal through passages are in communicati n 
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vlth the chamber 36 >ftilch forms a combustl n air pass- 
age which leads from the heat exchange unit 18 to th4 
combustion zone of the burner 10. An apertured barr- 
ier 37 is located idLthin the chamber 36 and extends 
across it substiantially between the heat exchange tmit 
18 and the end of the horizontal barrier 32 tiiat is 
remote from the heat exchange uziit 18* An air inlet 
port 38, vhich is formed in the casing 11 communicates 
with the air inlet chamber 35. 

A fuel feed lance . 39 is a fluid ti^t fit in 
holes in the vertical barrier 34 and the outer end wall 
of the casing 11 through idiich it extends. Xhe end of 
the lance 39 within the casing 11 is addacent the aper- 
ture formed at the centre of the apertured barrier 37 
and the other end of the lance 39 is adapted for conn- 
ection to a suitable source of fUel oil or fuel gas. 

Seals 41 are provided at each ;)unction bet- 
ween the heat exchange unit 18 and the casing 1 1 , inc- 
luding the horizontal barrier 32 • The seals 41 , which 
conveniently comprise stack bonded ceramic fibre seals, 
provide an effective fluid tight seal against leakage 
into and out of ttie exhaust port 29 and the casing int- 
erior portion 33 at the interface between the U2iit 18 
and the casing 11. 

The combustion zone of the burner 10 extends 
from the aperture -in the barrier 37 to the adjac nt 
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outlet port 16« ThB exiiaust passage for the conveyance 
of products of combustion from within the furnace * 
-Qirough the burner 10 to the 12xu^ 31 comprises /Uie- cas- 
ing interior portion 33 1 passages through the beat 
exchazige unit 18 tiiat coimnunicate therewith and are 
formed by the grooves of the plates 24 and 26, and iiie 
exhaust port 29. 

In operation of the burner 10, fuel is sup- 
plied through the fuel feed lance to the combustion 
zone of the burner 10. Fresh, cool air is introduced 
into the air inlet chamber 35 laarough the air inlet 
port 38. That fresh air is passed up ttooxagh "Hie vert- 
ical through passages of the apertured block 19 "Haat 
communicate with the air: inlet chamber 35, into. the 
respective recess 27, .28 from where it is returned 
througjh the remainirig vertical, through passages to the 
chamber 36. That air flow, into the chfioober 36 passes 
through the aperture in the apeirtured barrier 37 and 
supports combustion in the combustion zone of the fuel 
fed to that zone by the lanpe 39, such fuel being ato- 
mised within that air flow as ±i emerges from the lance 
39. The apertured barrier 37 serves to catise distribu- 
tion of the air into the combustion zone and aS; means 
for stabilising the flame. 

The flame and stream of hot gaseous products 
of combustion are directed through the port 16 into the 
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fumac ifdiere they clrcxalate and then leave the furnace 
via the port 15 for conveyance through the eachaust pas- 
sage of the burner 10. 

Means nay be provided for causing the combus- 
tion products to enter the burner 10 from the ftimace 
in a direction other than directly opposite to the dir- 
ection in which they entered the furnace from the bur- 
ner 10. Such means are described and claimed in Brit- 
ish Patent Publication Mo. 2004994A and German OLS 
28 58 259- 

The hot combustion products conveyed through 
the exhaust passage of the burner are first cooled by 
heat exchange with the incoming air flow that is flow- 
ing from the. recesses 27 and 28 to the chamber 36 and 
irthich has already been heated by heat exchange with the 
cooler dovmstream flow of combustion products as it 
flows to the recesses 27 and 28 from the air Inlet 
chamber 35 • 

The exhaust flxiB 31 may be provided with an 
eductor which is operable to draw combustion products 
through the exhaust passage of the buamer 10. Alterna- 
tively, for burners vihich operate with low internal 
pressures, a damper may be provided instead of the 
eductor. 

The heat exchange unit 18 may be fixed irre- 
movably within the casing for certain applications. 

The heat exchange unit may be formed of a 
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laminate comprising any suitabl number of plates so 
■ttiat the incoming air flow may be led passed the out- 
going flow of hot combustion products three or more 
times en route to the combustion zone* 

The cross-sectional area of each of the z*ows 
of the horizontal through passages that are formed by 
the grooves in the grooved plates 24 and 26 may be app- 
roximately twice the cross-sectional area of each of 
the vertical through passages that are formed by Ihe 
grooves in the grooved plates 23 aiid 25. 

Figures 3 to 5 show a practical form of bur- 
ner 10A in ^fliich this invention is embodied. Parts of 
the burner 10A which correspond to parts of the burner 
10 described above with reference to Figures 1 and 2 
are identified by the reference numerals used to iden- 
tify the corresponding parts of the burner 10 followed 
by the character "A"* 

The casing 11A comprises a rectangular quarl 
42 of refractory material, whicdi is fitted at one end 
into the aperture 12A in the furnace wall 13A so that 
it projects outwalks from the ftimace, and a heat 
exchange section 43 which is sxipported upon the other 
end of the quarl 42. The heat exchange unit ISA is 
housed within structure of refractory material vflaich 
forms part of the heat exchange section 43. The outer 
surfac s of refractory material parts of the casing 11A 
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are clad vlth sheet metal • 

As ±5 "best shown In Figure 5, that part 33A 
of the exhaust passage that connects the port 15A to 
the respective passages through the heat exchange unit 
18A runs through the quarl 42 alongside the combustion 
zone rather than ahove it as in the burner 10. A bend 
44 is formed in the exhaust passage below tiie heat 
exchange imit 18A so that the esdiaust passage is turned 
upwards to communicate with the vertical, passages 
tiirough the heat exchange unit 18A as can be seen from 
Figure 3* ^e exhaiist port 29A is formed in the casing 
11 A above the heat exchange xmit 18A azid tiie exhaust 
flue 31 A, \diich. includes an eductor, extends \Qywards 
from the exhaust port 29A. 

The orientation^ configuration and construc- 
tion of the heat exchanger xmit 18A will be understood 
from the foregoing description but it shoiild be appre- 
ciated that it doesn't include the recessed plate 27 
and that the horizontal passages througlh it are arran- 
ged in three groups so that the flow path for air from 
the air inlet port 38A to the chamber 36A through the 
heat exchange imit 18A, vAiich is indicated in Figure 4 
by single headed arrows, passes the flow path for 
exhaust gases through the vertical passages in the unit 
18A, vhich is indicat d by double-headed arrows in Fig- 
ure 4, three times. 
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The air Inlet port 38A. is formed by sheet 
metal structure \ftilch also forms the air inlet diamber 
35A and a connecting chamber 45 by >ihlch the downstream 
^rtAtt of the second, or middle group of horizontal pas- 
sages •HhY»ni»gh the unit 18A are placed in' communication 
with thffi upstream ends of the third, or lowermost groiq) 
of horizontal passages through the \mit' ISA. 

The of the horizontal passages throu^ 

the heat exchange \init 18A liiat are remote from the 
chambers 35A and 45 communicate with a space that is 
formed lietween the unit 18A and the refractory material 
structure of the heat exchange section 43. A baffle 
plate 46, ^edx has one edge embedded in iSae refractory 
material structure, divides the space into an upper 
chamber 44 and a lower, smaller chamber 48. The dowi- 
stream ends of "tiie uppermost, or first group of horiz- 
ontal piassages throu^ the unit 18A communicate with 
the upstream ends of the second or middle groi^ of hor- 
izontal passages through that unit ISA via the upper 
chamber 47 and are isolated from the downstream ends of 
the thixd or lowermost groiq» of horizontal passages by 
the ba£fle plate 46. The lower chamber 48 communicates 
with the chamber 35A. 

The m»^" liquid fuel feed lance 39A extends 
through the chamber 36A to a burner head 49. The lance 
39A comiprises a cexrtral liquid fuel feed tube which is 



- 21 - 0040526 

surrounded by an air tube vfhlch in turn Is shrouded by 
a tubular shield. Hence liquid ftiel that is conveyed 
to the burner head 49 has heat convey d from it by the 
surroxmding air flow and is shielded from direct con-^ 
tact with the heated combustion air in the chamber 36A 
as is described' in Belgium Patent No« 863145f German 
OLS 28 02 640, French A 2378236, Swedish Patent Applic- 
ation No. 7800715.0, Netherlands Patent Application No. 
7800615 and U.K. Patent Application No. *2445/77. A 
secondary fuel feed lance 51 is provided for forming a 
pilot flame. The secondary lance 51 is fitted with a 
spark plixg 52, a shut off valve 53 and a connection for 
connection to a supply of air/fuel mixture; and extends 
to the burner head 49 ^ere the pilot flame is formed. 

The quarl 42 has an apeirture 54 formed in the 
region of the bend 44 thereby the bend 44 communicates 
with the outer surface of the quarl 42. The aperture 
54 is :diown plugged in Figure 4 .and may be implugged in 
certain installations so as to be placed in communica- 
tion with a location in "Hie ftimace that is remote from 
the combustion zone outlet port 16A. 

Two furOier plugged apertures 55 and 56 are 
formed in the refractory material, stnacture of the heat 
exchange section 43. One, 55 1 of the apertures commu- 
nicates with the upper, larger chamber 47 vhen xmplug- 
ged# The other aperture 56 communicates with the lower 
smaller chamber 48 >dien unplugged. The plugged aper- 
tures 55 and 56 are provid d to enable, when unplugged. 
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hot gases to b introduced Into the horizontal passages 
i^irou^ ±bB vtnLt 18A. so that deposits formed on the 
vails of the vertical passages can be removed by being 
melted. 

Figures 6 to 10. show in greater ccmstructional 
detail another practical form of burner 10B in vdiich 
this invention is embodied. Parts of the burner 10B 
\diich correspond to parts of the burner 10 or of the 
burner 10A described above with reference to Figures 1 
to 2 or Figures 3 to 5 respectively are identified by 
the ref ©paice numerals used to identify the correspond- 
ing parts of the burner 10 or of the burner 1QA but 
followed by the character "B". 

Figures 6 and 7 . show the burner 10B comprises 
a main structure of refractory material 42B, which is 
for fitting at one end into an aperture 12B in a furn- 
ace wall 15B so ttiat it projects outwards from the fur- 
nace, and Tidiich supports a heat exchsaige section 43B. 

Figure 8 shows that the main refractory mat- 
erial structure 42B is generally similar to the rectan- 
gular quarl 42 of the burner lOA. That part 33B of the 
eadiaust passage that leads through the stixicture 42B to 
laie heat excshange section 43B is similar to the corres- 
ponding part 33A of the burner 1QA. A chamber 36B, 
similar to the chamber 36A, is also formed in the struc- 
ture 42B and is divided by a bunaer head 49B into a 
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combustion air inlet psissage and a combqstlon zone 
\^ch extends *from the burner head 49B to the outlet^ 
port 16B. 

The burner head 49B Is mounted at the end of 
a gaseous fuel siipply tube 61 and Is f oz*med from a 
metal-clad disc of refractory material vfliich lig p a cir- 
cumferentially spaced array of spacers 62 aroxmd its 
periphery by which it is a sliding fit in the wall of 
the chamber 36B. The burner head 49B is apertured. 
Hence combustion air flows passed 1^e burner head 49B 
to the combustion zone through the apertures formed in 
the humer head 49B and through the arcuate gaps formed 
between the circumferentially spaced spacers 62, the 
wall of 1±ie chamber 36B and the periphery of the burner 
head 49B. Fuel gas is fed to the combustion zone via 
the gas supply tube 61 and a central aperture in the 
burner head 49B. The portion of the gas supply tube 61 
leading thro\i^ the chamber 36B to the burner head 49B 
is encased in a tubular insxilator 64 of refractory mat- 
erial so that the incoming fuel gas is not sub;}ected to 
-Oie extreme heat of the incoming combustion air in the 
chamber 36B. 

The main difference between the burner 10B 
and tiie burner 10A described above^ with reference to 
Figures 3 to 5 is that the heat exchange section 43B 
comprises two similar h at exchange units 18B stack d 
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one on top of 13ie other. 

The aower heat ezdiange .tmlt 18B rests upoii a 
lower cast block 65. of refractory material. Two aper- 
tures 66 and 67 are formed In the block 65- One, 66, 
of those apertores is below the block 18B and the other, 
67, is displaced to one side of the block 18B. The 
aperture 66 is upwardly divergent and provides conmunl- 
cation between "Hie ad;)acent end of liie exiiaust passage 
portion 35B that, extends through the refractory mater- 
ial structure A2B suad the i^pwardly Mctending channels 
formed through -Hae lower hea^t ^dtiange unit 18B. An 
upper cast block 68 of refractoir material rests upon 
the lower heat exchange unit 18B. Two apertures are 
formed in the t^per cast block 68. One, 69, of those 
apertures connnanicates with "the vpp&^ ends of "Uie. 
upwardly extending passages iSarcfogix the lower heat 
exchange unit 18B and -ttxe other, 71, is directly above 

the aperture 67. 

Figure 10 khows tiiat the lower heat ^change 
unit 18B is stirrounded oH three of Its sides by two 
side blocks 72 and 73 and an eiad bloc^ 74 which are 
cast blocks of refractory material and vftxich extend 
between "ttie lower axsd upper blocks .55 and 68 as will be 
apparent from Figure 9. Ea<ai side 'jiock 72, 73 is rec- 
essed and its recess accommodates s respective pressure 
plate 75 , 76 >dilch is xirged against the lower unit 18B 
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by compression springs >dilcb react against: respective 
screw plugs 77 fitted In the respective cast side bl6ck 
72, 73. A recessed pressure block 78 Is liocated bet- 
ween "Uie lower and upper blocks 63 and 68 <on 13ie f oinrth 
side of "Qie lower beat exchange unit 18B end Is urged 
resillently by coll spring arrangements 79 shown In 
Figures 9 and 10 against the unit 18B to l.t)cate the 
latter against the opposite end block 7A* The pressure 
block recess Is adjacent the lower unit 1SB and the 
opposed face of the end block 74 Is recessed similarly. 
The refractory end block 7k carries a baf£le plate 81 
>dilch divides the recess formed between tbs end block 
74 and the lower unit 18B Into upper and lx)wer compart- 
ments 82 and 83 respectively. The lower compartment 83 
communicates with the aperture 67 and the xipper com- 
partment 82 communicates with the apez*ture 71 throvigh 
corresponding apertures in Intervening portions of the 
cast end block 7k. The cast end block 7k j.s formed 
wilii two plugged apertures one of ^which wcrald communi- 
cate with the upper craopartment 82 when ux^lugged and 
the otiier of vAilch would communicate wl13i the lower 
compartment 83 ndien unplugged. The recess formed by 
the pressure block 78 communicates with the adjacent 
ends of all the laterally extending passages formed 
"Qarough the lower heat exchange unit 18B. 

The upper heat exchange unit 1SB is similarly 
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located between upper and lover cast blocks 84 and 83 1 
each having apertures In vertical alignment with the' 
aperture 69 • The lower cast block 85 also has an aper- 
ture in vertical alignment with the aperture 71 of the 
tapper cast block 68. Like the lower unit 18B, the upper 
heat exchange unit 18B has cast blocks along its sides 
and at one end, as well as pressure plates at its sides 
and a spring loaded pressxare block 21B at its other end, 
the cast end block 86 and -the pressure block 21 B being 
sbown in Figure 9. The arrangements oi these cast side 
and end blocks, pressure plaHies aiad pressure block 21 B 
are to be understood to be similar to those of the 
blocks that surround the lower heat exchange unit ISB. 

The cast end block 79 carries a baffle plate 
87 ^diich separates the air inlet chamber 35B from a 
lower connecting chamber 45B which in turn communicates 
with the upper compartment 82 via apertures, including 
the aperture 71 $ formed in the upper and lower cast 
blocks 68 and 85 and the intervenix3g portions of the 
cast ends blocks 74 and 86. The recessed pressure 
block 21B forms a chamber 47B with which all the hori- 
zontally-extending passages through "tbe tapper vaxlt 18B 
communicates • 

The cast blocks 65, 68, 72, 73, 74,* 84, 85 
and 86 and the side blocks (not shown), and the press- 
ure blocks 21B and 78 are metal clad. The individual 
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metal claddings are Joined to one another and to a 
cladding on the structure 42B and provide a reaction^ 
foundation for the spring arrangements 79 • 

The cladding of the cast end block. 86 carr'* 
ies a combustion air inlet tube 38B TiAiich communicates 
with the air inlet chamber 35B via .a suitable aperture 
in the block 86. There is also in the cast end block 
86 a plugged aperture Which would communicate with the 
connecting chamber 45B if unplugged. The upper cast 
block 86 has an aperture with which the upper ends of 
the vertical passages throiigh tiie upper heat exchange 
unit 18B communicate » that aperture forming an e^xaust 
aperture 29B which communicates with the eschavist flue 
^1B which is connected to .the cladding of the upper 
cast block 84 • 

Ceramic fibre sealing medium in wool or paper 
form is located between each heat exchange unit 18B and 
abutting portions of the siirrounding stmcture in which 
those units are mounted. 

The path of incoming combustion air is indic- 
ated in Figures 8, 9 and 10 by single headed axrrows and 
the path of combustion products flowing from the exhaust 
passage 33B to the exhaust flue 31 B through the two 
heat exchange units 18B in series *is indicated by double 
headed arrows in Figures 8, 9 and 10. Figure 9 shows 
that the incoming combustion air passes the exhaust flow 



0040526 

- 28 - ^ 

f hot conbastlon products fg^ tines doriziig. Its pass* 
age to "Qie combustion air. inlet passage formed "bj the 
chaniber 36B in the refractory Material structure 42B. 

The various spring loaded pressure, plate arr- 
axigemezits. by nAiich the lieat exohaiige units 1SE are loc* 
ated within the structure of the heat eacchange section 
43B allow for thermal expansion or contraction. 
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CLAIMS 

1* A self-recutperative burner (10, 10A, 10B) 

comprising a refractory material structure (11, 42, 
42B) cosiprising one end portion and a remaining portion, 
said one end portion being, adapted to be fitted into an 
aperture (12, 12A, 12B) in a vail (13, 13A, 13B) of an 
enclosure so that the remaining portion projects out- 
>;ards from that enclosure, there being a combustion 
zone, a combustion air supply passage (36, 36A, 36B), 
an outlet port (16, 16A, 16B) and an exhaust passage 
(33f 33A, 33B) formed In the refractory material struc- 
ture (11, 42, 42B), the combustion air supply passage. 
(36, 36a, 36b) leading to said zone, the outlet port 
(16, 16A, 16b), vihich is formed in said one end portion 
placing the combustion zone in communication with the 
interior of the enclosure whereby hot gases produced by 
combustion of air and fuel fed to said zone are direc- 
ted into the enclosure through said outlet port (16, 
15A, 16b) and tkie exhaust passage (36, 36A, 36b) being 
for conveyeng away from the interior of the enclosure 
products of combustion of fuel and air fed to said zone 
fuel supply means (39, 39A and 51, 61) which extend 
throvigh said structure (11, 42, 42B) to said zone and 
are adapted to supply fuel, to said zone; and means 
hereby incoming combustion air fed to said zone is 
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preheated by heat exchange with products of comhustion 
flowing throu^ said eachaust passage (53 1 33A, 33B)j» 
characterised In that said eadiaust passage (33, 33^, 
53B) is ncm-annular throughout and said means vflierehy 
products of confljustion conveyed through it are' hrought 
into heat exchange with incoming combustion air to pre- 
heat the latter comprise a heat ex(diange unit (18, 18A, 
18B) moxinted in said remaining refractory material 
structure portion as an integral part of the burner 
(10, 1QA, 1QB) at a location spaced £rom said end por- 
tion, -aie heat exchange tmit (18, 18A, 18B) conprising 
a structural unit of refractory material comprising a 
laminate (19) of plates (22-26) of refractory material 
and means forming passages which extend through the 
tmit (18, 18A, 18B) from end to end between pairs of 
Juxtaposed plates (23 and 24, 24 and 25 , 25 and 26, 26 
and 22) of the unit (18, ISA, 18B), the passages formed 
between alternate ones of the pairs of Juxtaposed 
plates (22-26) extending in one direction and collect- 
ively comprising one passage system \*iich communicates 
with said combustion air supply passage (36 , 36A, 36B) 
and the remaining passages extending transverse to said 
one direction and collectively comprising another Juxt- 
aposed passage system vtoich communicates wilii said 
exhaust passage. 
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2. A self -recuperative burner (10, 10A, 10B) 
according to Claim 1, characterised in Vasct communicat- 
ing means (27, 28, 47t 47B) are provided >ftiereby a 
first group of the passages of a first of said Juxtapo- 
sed passage systems are placed at their downstream ends 
in communication vith a second grovcp of the passages of 
said first ;)iaxtaposed passage system at liieir adjacent 
ends imhich are thus their upstream ends "whereby the 
fluid stream that is conveyed througlh said first juxta- 
posed passage system passes and re-passes 1die fluid 
stream that is conveyed throxigh the second of the two 
Juxtaposed passage systems • 

3. A self -recuperative burner (10A) according to 
Claim 2, characterised in that it includes further com- 
municating means (43) vdiereby the downstream ends of 
i^e second group of passages are placed in communica- 
tion with a third or more groups of the passages of 
said first Juxtaposed passage system so that the fluid 
stream conveyed through the first Jxaxtaposed passage 
system passes the fluid stream conveyed througji the 
second Juxtaposed passage system at least three times 
within the unit. 

4. A self-recuperative burner (10, 10A, 10B) 
according to Claim 2 or Claim 3$ characterised in that 
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said first juxtapos d passage system and the cross- 
sectloBal area of each of . I'te passages Is approximately 
half liie cross-sectio»al area of each of the passages 
of said other Juxtaposed passage system, 

5^ A self -recuperative burner (10, ICffl) accord- 

ing to any one., of claims. 2: to 4, characterised in that 
the or each communicating means comprises a :recessed 
plate (21 , 21 B) fitted at the respective end of the 
xmit (18, 18B), the respective groups of passages being 
placed in communication via a respective recess (27, 
28, 47B) in the plate (21, 21B)\. 

6. A selfrrecuperative burner (10, 1QA, 10B) 

according to any <me of Claims. 2 to 5,: cb8p?act^ised-in 
that the first group of passages of' said one ^Juxtaposed 
passage system pass the passages of said other juxtapo- 
sed p€ussage system dowistream in the context of the 
direction of flow of the combustion products coxnreyed 
tiburou^ said cOxer juxtaposied passage system^ of the . 
location at ^fliich the second group of passages pass 
said other juxtaposed passage system^ , 

7^ A self -recuperative burner (1 OA) according to 

Claim 6, characterised in that, wh re there are three 
or more groiqps of passages in said on juxtaposed passr 
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age system, the second groiip Is downstream of the IMrd 
group and so on, the last group being the most upstx^eam 
so that the coolest incoming air is brought into heat 
exchange idLth the coolest flow of combustion products 
and tiie hottest incoming air is bz^ought into heat 
exchange vitii the hottest flow of combustion products. 

8. A self -recuperative burner (10, 10A, 10B) 
according to any one of Claims 1 to 7, characterised in 
that the structural xmit (18, 18A, 18B) is mounted rem- 
ovably within said remaining refractory material struc- 
ture portion so that it can be removed and replaced by 
another structural tmit (18, 18A, 18B). 

9. A self -recuperative burner (10A, 10B) accord- 
ing to any one of Claims 1 to 9, characterised in ti:iat 
the passages of the other ;3uxtaposed passage system 
extend upwards from the exhaust passage formed in said 
remaining refractory material structure portion. 

10. A self -recuperative burner (10B) according to 
Claim 9, diaracterised in that said heat exchange unit 
(18B) is one of a stack of similar heat exchange units 
(18B) moiinted one on top of the other, means (69) being 
provided for placing -Uxeir upwardly extending passages 
in communication and means (43B, 82, 83) being provid d 
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for placlag th downstream epds of Hie passages f said 
one juxtaposed passage systems of the upper unit (18^) 
In communication with tll6^ upstream ends of 1^ conres- 
poncUjig passages of the unit (18E) on n^cii that upper 
unit (18B) Is stacked, . 
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